An approximately 4 kb long sequence (designated dh) is located in the centromere regions of all three chromosomes of .S. pombe. There is one copy each of dh per centromere in chromosomes I and II and multiples in the centromere of chromosome III. Nucleotide sequence determination shows that dhl and dhll are highly homologous. A part of the sequence (ca. 300-400 bp) contains short direct repeats, otherwise dh is in general internally nonrepetitious. Although there are three segmental deletions (total 821 bp) and two insertions (27 bp) in dhll (an 80% overall homology to dhl), there are only nine substitutions between dhl and dhll in the remaining 3980 bp, giving a 99.77% homology. The substitutions are restricted to the non-repetitious domains and are only of the pyrimidine-pyrimidine or purine-purine types. A possible conformational role of dh is discussed.
INTRODUCTION
The centromere is a functional domain of chromosomes, the attachment site for kinetochore microtubules which radiate from the centrosomes to separate the chromosomes during mitosis (1) (2) (3) (4) . The centromere is also the site for sister chromatid association. Prior to the S phase, each chromosome consists of a single sister chromatid and, after chromosomal DNA is replicated in the S phase, two sister chromatids of each chromosome are tightly held together at the centromere. Thus the centromere is an important structure for chromosome separation and maintenance. Molecular basis for microtubule attachment and sister chromatid association is little understood.
In the budding yeast Saccharomyces cerevisiae. the centromere DNAs have been cloned from different chromosomes (5) (6) (7) (8) (9) (10) (11) (12) and defined as approximately 200 bp sequences, consisting of three domains. These sequences appear to act as centromeres functionally and structurally, when they are joined to other chromosomal elements such as ARS sequences and telomeres in synthetic minichromosomes and introduced into cells of j>. cerevisiae.
The nucleotide sequence organization of the centromere structure in the fission yeast Schizosaccharomyces pombe is quite different (13, 14) . There appears to be a roughly 60 kb long centromere domain, consisting of a number of repeating sequences, in which meiotic recombination is greatly reduced (13) . For example, a sequence ynl is repeated three times only in the centromere II region. Another sequence nk is repeated roughly 20 times in the genome, three times in the centromere II region and at least twice in the centromere I, but not in the centromere III region (unpublished result). Among these repeating sequences, one sequence called dg is common to all the centromere regions (13) . The dg family comprises the 4 kb long sequences that are highly homologous each other. A common centromeric sequence such as dg should possibly play an important role in the centromere functions of ^.
pombe. Our recent experiments suggest that dg is essential for maintenance and proper segregation of chromosomes in mitosis and meiosis (Y. Nakaseko et al., to be published). We have examined whether sequences other than dg exists in the centromere regions, and will report here on one such sequence we have named dh. The nature of the nucleotide sequences as well as their localizations in the centromere domains are described.
MATERIALS AND METHODS
Standard procedures for DNA preparation, restriction enzyme digestion, gel transfer and Southern hybridization were followed (13, 15, 16) . Filters were hybridized in 5XSSPE and 0.3% SDS using 100 ug/ml salmon sperm DNA. The filters were washed in 10 mM NaHPO^, lmM EDTA and 0.2% SDS at room temperature. For nucleotide sequence determination, DNA fragments were subcloned into pUC18 and pUC19 (17) .
Cosmids used in the present study were described previously (13) . YIp5 (18) was a vector for pSS161 (dhl), pSS162 (dhl) and pSS166 (dglla) while pUC18 for pSS241 (dhll) and pSS242 (dhll).
RESULTS

Identification of a^ novel centromeric sequence in S. pombe
To determine whether any sequence other than dg is in common to the centromere I and II regions of j>. pombe, a series of Southern blot hybridizations was done, using centromere II cosmids probed with a collection of centromere I-linked sequences cloned into YIp5 or pUC18 (Materials and methods). The three cosmid clones B4, Cl and C2 covering a 100 kb long region which includes the entire centromere II (13) By genomic Southern hybridization, other three probes from pCYl, pBL199
and pBL200 were shown to represent unique genomic sequence, while the probe from pBL201 is repetitive (data not shown).
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^^
The overall homology between dhl and dhll is approximately 80%. Nonhomology is mainly due to the large 748 bp deletion in dhl. Substitutions, however, rarely occur; they are scattered and are present only in the nondirect repeat regions. There are only 9 replacements in 3927 bp, giving an extremely high homology (99.77%). Interestingly, substitutions are restricted to the type of purine-purine (G-A) or pyrimidine-pyrimidine (T-C). The dh sequence is the second example of a common centromere sequence in . pombe. The first is dg (13) . There is, however, no sequence homology between dg and dh. Not all of the dh sequences in the genome might be necessarily restricted to the centromere regions. The exact copy number of dh is not determined; it is probably in the range of 5-10. All of the dg sequences, on the other hand, appear to be present in the centromeres (13) .
The copy number of dg in the genome is 7-8. The dh sequences tend to be linked to dg: dhl and dhll are adjacent to dgl and dglla, respectively. However, dg
is not always associated with dh: dgllb has no dh in its neighbourhood (Fig.   1 ). The distance between dhl and dgl is about 1 kb, while that between dhll and dglla is about 3 kb (unpublished result). The junction sequences between dg and dh remain to be determined.
